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PROJECT EXPERIENCE REPORT 
Demolition of Hanford’s 2334 Plutonium Concentration Facility 

EXECUTIVE SUMMARY 

This report provides a summary of the preparation, operations, innovative work practices, and 
lessons learned associated with demolition of the 2334 Plutonium Concentration Facility. This 
project represented the first open-air demolition of a highly-contaminated plutonium facility at 
the Hanford Site. This project may also represent the first plutonium facility in the 
US. Department of Energy (DOE) complex to have been demolished without first 
decontaminating surfaces to near “free release” standards. 

Demolition of plutonium contaminated structures, if not properly managed, can subject cleanup 
personnel and the environment to significant risk. However, with proper sequencing and 
innovative use of commercially available equipment, materials, and services, this project 
demonstrated that a plutonium processing facility can be demolished while avoiding the need to 
perform extensive decontamination or to construct large enclosures. This project utilized an 
excavator with concrete shears, diamond circular saws, water misting and fogging equipment, 
commercially available fixatives and dust suppressants, conventional mobile crane and rigging 
services, and near real-time modeling of meteorological and radiological conditions. Following 
a significant amount of preparation, actual demolition of the 233-S Facility began in 
October 2003 and was completed in late April 2004. 

The knowledge and experience gained on this project are important to the Hanford Site as 
additional plutonium processing facilities are scheduled for demolition in the near future. Other 
sites throughout the DOE Complex may also be faced with similar challenges. 

Numerous innovations and effective work practices were implemented on this project. 
Accordingly, a series of “Lessons Learned and Innovative Practices Fact Sheets” were developed 
and are included as an appendix to this report. This collection of fact sheets is not intended to 
capture every innovative work practice and lesson learned, but rather to describe those that the 
project believes to be of most benefit to hture DOE projects. These fact sheets cover a number 
of specific topics within the subject areas noted below: 

Project Management 
Organization Structure and Responsibilities 
Demolition Approach and Equipment 
Planning and Scheduling 
Site Preparation and Infrastructure 
Radiological Controls 
Industrial Safety and Health 
Waste Management. 
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INTRODUCTION 

Hanford’s 233-S Plutonium Concentration Facility had been in a slow and continual state of 
deterioration since its deactivation in 1967. For nearly three decades, surveillance and 
maintenance was performed to ensure confinement of the building’s significant levels of 
plutonium contamination. Severe winter conditions in 1996 accelerated the rate of building 
deterioration and heightened the potential of personnel exposure to contamination and 
environmental release. Based on the increase in risks and associated facility maintenance costs, 
decisions (under processes of the Comprehensive Environmental Response, Compensation, and 
Liability Act of 1980 [CERCLA]) were subsequently made by the DOE and the 
U.S. Environmental Protection Agency (EPA) to remove/demolish the facility (DOE 1997b). 

The purpose of the 233-S Facility Demolition Project was to safely demolish the 233-S Facility 
and to package and properly dispose of all associated waste material. The scope of this project 
included the 233-S Plutonium Concentration Building (233-S Building), the 233-SA Exhaust 
Filter Building (233-SA Building), and the Mobile Office-317 (MO-317). A photo and 
schematic of the 2333  Facility are provided in Figures 1 and 2, respectively. Upon project 
completion, the concrete floor slabs for the 233-S and 233-SA Buildings remained in-place and 
were capped with concrete, then covered with clean fill, and posted as an underground 
radioactive material area. 

The bulk of the building’s materials were designated as low-level waste (LLW) and disposed in 
Hanford‘s CERCLA landfill known as the Environmental Remediation Disposal Facility 
(ERDF). Less than one percent of the demolition debris was designated as transuranic (TRU) 
waste; this waste was packaged for temporary storage at Hanford’s Central Waste Complex, and 
will eventually be shipped for ultimate storage/disposal at the Waste Isolation Pilot Plant (WIPP) 
in Carlsbad, New Mexico. 

Facility Description 

The 233-S Facility was located in the southwest quadrant of Hanford’s 200 West Area. Original 
construction of the facility began in 1953 and was completed in 1955. Several modifications 
(expansions) were made to the original structure over the following decade, resulting in an 
overall footprint of approximately 325 square meters (mz) [3,500 square feet (sq fit)]. 

The 233-S Facility was comprised of the 233-S Building and the 233-SA Building. The 233-5 
Building was a reinforced concrete structure, with a footprint of 11.3 m (37 ft) x 25.7 m (86 ft), 
and roof elevations ranging from 3.7 m (12 A) to 9.7 m (32 ft). Concrete wall thicknesses ranged 
from 23 centimeters (cm) [8 inches (in.)] to 30 cm (12 in.). Several exterior portions of the 
building were made of structural steel framing enclosed with corrugated metal exterior siding. 
The four-story portion of the 233-S Building (Le., the process hood) was the area of highest 
contamination. The 233-SA Building, located northeast and just adjacent to the 233-S Building, 
was a single-story, reinforced-concrete structure with 15-cm (6-in.)-thick walls. 
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2334 Facility History 

From 1956 to 1965, the 233-S Facility served a role in the process of developing weapons-grade 
plutonium. Hanford’s plutonium production process began by irradiating uranium fuel at the 
Site’s 100 Area production reactors. Spent reactor fuel was then transported to the 
202-S Reduction and Oxidation Plant (REDOX) where the aluminum cladding was stripped from 
the fuel elements and plutonium was extracted as a plutonium nitrate solution. This solution was 
piped from the neighboring REDOX Plant to the 2334 Facility for additional concentration and 
packaging. Concentration was performed in the 233-S Building’s process cell by evaporation 
and/or ion-exchange treatment. The concentrated plutonium solutions were then packaged in 
stainless steel, criticality-safe, product receiver (PR) cans; the PR cans were placed into larger 
canisters for transport via roadway to Hanford’s 23 1-Z Plutonium Isolation Building or the 
234-52 Plutonium Finishing Plant for further processing. 

Several significant processing upsets took place during the 2333  Facility’s active operations. In 
1956, failure of an air-activated diaphragm valve resulted in the release of approximately 32 
grams of plutonium solution to the floor of the 2334 Building’s process hood, with subsequent 
spread of contamination to the REDOX Facility. In 1963, chemical reactions within an anion- 
exchange concentrator resulted in a rapid pressure increase and the release of plutonium-laden 
resin beads. This, in tum, ignited a fire that burned for 90 minutes, causing extensive damage to 
process equipment, damage to the ventilation system filter, a spread of gross alpha contamination 
within the process area, and distribution of radioactive contamination to other portions of the 
building’s interior and the exterior roof surfaces. Between 1 to 3 kilograms of plutonium were 
lost as result of this fire. Following extensive cleanup, and construction of the 233-SA Exhaust 
Filter Building, the 233-S Facility resumed operations until 1967. 

Between 1967 and 1987, limited efforts were made to perform initial characterization of the 
facility and remove selected equipment and material from the building’s load-out area. After 
1987, the facility sat idle for nearly another decade. 

As part of the CERCLA decision process, a report entitled Engineering Evaluation/Cost Analysis 
for the 233-SFaciZity (DOE-RL, 1997a) presented four optional approaches for further facility 
management. For each option, the resulting levels of safety were projected. Decontamination 
and/or stabilization of the facility, followed by demolition and disposal, was selected as the 
approach most responsive to safety concerns and the most supportive of planned land 
remediation actions (DOE-RL, 1997b). 

From 1997 to 2002, Bechtel Hanford, Inc. completed a significant amount of decommissioning 
scope including the removal of equipment from the process and non-process areas of the 
233-S Building. In addition to installing a portable exhauster, this scope included removing 
roof-mounted ventilation ducting, process area viewing room support structure, 14 process 
vessels, nearly 1,500 m (5,000 ft) of process piping, and other equipment from the equipment 
room, control room, and other areas of the facility. 

In July 2002, responsibility for decommissioning the 2333  Facility was transferred from Bechtel 
Hanford, Inc., to Fluor Hanford. 

4 
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DEMOLITION PREPARATIONS 

After assuming contractual responsibility for demolishing the 2334 Facility in mid-2002, Fluor 
Hanford focused the following 12 months on final removal of equipment, limited 
decontamination, initial radiological characterization of the building’s structural materials, 
application of fixative coatings to “lock-down’’ the potentially dispersible contamination, 
deactivation of the portable ventilation exhauster system, and removal of temporary power and 
lighting services. 

During the summer of 2003, Fluor Hanford’s procurement organization issued requests-for- 
interest and proposals to provide technical support and a limited amount of equipment for the 
demolition of the 233-S Facility. A contract was subsequently issued by Fluor Hanford to cr/x 
environmental servicesSM, inc. (hereafter referred as cr/x), of Coraopolus, Pennsylvania. The 
D&D consulting services and specialized heavy equipment hired from cr/x were supported by 
subcontracted engineering services from Bums & Roe of Oradell, New Jersey, and concrete- 
sawing expertise from Cutting Edge Services Corporation of Cincinnati, Ohio. 

The following subsections describe the preparatory efforts prior to the start of demolition in 
October 2003. 

Radiological Characterization 

Extensive radiological surveys and nondestructive assay (NDA) measurements were performed 
during the various stages of equipment and material removal from the 233-S Facility in 2002 and 
early 2003. A final sampling plan was developed and implemented in mid-2003 to support 
(1) waste disposal planning for the purposes of minimizing the volume of TRU waste, and 
(2) evaluation of specific demolition techniques to minimize the release of radiological material 
during the demolition process. As noted in Table 1, the total mass of TRU isotopes within the 
233-S Building had been estimated at 13.4 grams (Mantooth, Barton, and Moder, 2003), with the 
majority of contamination located on the west and north walls of the 233-S process hood. This 
mass relates to contamination levels in the process areas in excess of 33.4 MegaBecquaerrels 
(MBq)/mZ ( 2 0 ~ 1 0 ~  dissintegrations/midlOO cm’). The isotopic distribution of TRU within the 
233-S Building is summarized in Table 2. 
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Table 1. TRU Mass Estimates for 2334 Locations 

cation 
oom 0.061 

v.suL.6v Loom 0.054 
“4lery 0.141 

Storage Room 0.039 
lout 0.081 

“Tall 0.024 
>or Nall 0.055 
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0.018 
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Isotope 

Gum-238 
Gum-239 
Gum-240 
ni~m-241 
nium-242 
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Table 2. Isotopic Weight Distribution as Determined through Sampling and Analysis Data 
(Wi = weight of isoptope; WT = total weight of measured isotopes; 

WTRU = weight of transuranic isotopes) 
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Maximum Demolition Method CEDE* (rem) Contamination 
(d/min1100cm2) 

Mechanical Shearing 2.1 1.8E+05 
Circular Diamond- 0.56 460 

Radiological Analysis of Demolition Techniques 

Characterization data (as referenced above) were utilized for purposes of waste designation, and 
for performing radiological analysis of demolition techniques. The Hotspot 2.01 (Hotspot, 2002) 
atmospheric dispersion computer code was utilized to estimate the downwind personnel- 
committed-dose and surface contamination levels that would result from four different 
demolition techniques (Knight and Mantooth, 2003). These techniques included demolition via 
the use of (1) a wrecking ball, (2) mechanical shear, (3) circular diamond-blade wall sawing, and 
(4) continuous diamond-wire sawing. Historical averages for Hanford Site wind speed and 
stability class were used for the model. The wrecking ball method demonstrated the greatest 
potential for generating airborne contamination, followed in order by mechanical shearing, 
circular diamond- blade wall sawing, and continuous diamond-wire sawing. 

As reflected in Table 3, for a given quantity of radioactive material at risk, use of the circular 
diamond-blade or wire saws would result in a level of downwind contamination two-to-three 
orders of magnitude less than the more aggressive techniques. Values for use of a wrecking ball 
are not noted below, as that method was not considered for further evaluation because the 
method was not approved for use under the facility’s safety basis. 

Table 3. Evaluation of Demolition Methods 

Distance to 
Max. (krn) 

<0.01 
<0.01 

Blade Wall Sawing 
Continuous Diamond- 
Wire Sawing 

0.046 500 <0.01 

The values noted in Table 3 compare unmitigated releases resulting from each demolition 
method. Mitigation techniques such as pre-decontamination, water misting/fogging, fixative 
applications, or other engineered methods would fiirther reduce the potential for release of 
radioactive material. 

Demolition Method Selection 

Initial concepts for removing the 233-S Facility involved decontamination of the facility’s 
interior surfaces, followed by the use of conventional demolition techniques (e.g., use of a 
concrete shear to demolish and size-reduce all building structures and materia)). In 
November 2002, a company was subcontracted to provide decontamination services using an 
ultra-high-pressure (Le., 30,000 pounds per square inch) hydrolaser washing system that 
included a shrouded applicator and vacuum recovery system. The use of this decontamination 
technique was terminated in January 2003 after experiencing difficulties related to protrusions 
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from the wall and other irregular surfaces and the ability to reliably accommodate the many 
types and layers of fixative materials that pre-existed on the building wall surfaces. The decision 
was made that a more conservative and controlled demolition approach was necessary to safety 
protect the D&D workers, employees at neighboring facilities, and the environment. 

Based on an April 2003 value-engineering session (Parker, 2003) involving input from all levels 
of 233-S Facility staff, a proposed plan from cdx, and other planning efforts, an acceptable 
demolition approach was developed for the 2334 Facility. The selected approach involved 
using an excavator equipped with a concrete-shear attachment to size-reduce the single-story and 
less-contaminated portions of the 2334 and 233-SA Buildings. The selected approach also 
involved use of circular diamond-blade wall saws for cutting the taller and more contaminated 
portions of the 233-S Facility (Le., process hood) into large, rectangular blocks that were then 
lowered to ground level via crane. 

After the combined shearing and sawing approach was selected for 233-S Facility demolition, a 
decision was made to perform additional and more detailed atmospheric dispersion modeling to 
confirm that the work could be performed without releasin alpha contamination beyond the 
contamination area (CA) boundary in excess of 33.4 Bq/m (20 d/min/lOO cm*). The dispersion 
modeling was performed by AlphaTrac of Westminster, Colorado, using ISC-PRIME (an 
EPA-developed program that uses actual weather conditions). The ISC-PRIME code was 
considered more applicable for modeling potential atmospheric releases from 2334 than the 
previously used HotSpot 2.01 code, for the following reasons: (1) it uses actual site weather 
conditions reported hourly; (2) it has algorithms that account for the building “downwash” 
generated by the 2024 REDOX Plant; and (3) releases to the atmosphere kom demolition 
activities could be matched to time of release and actual weather conditions, providing a more 
accurate picture of where potential contamination would occur. 

The ISC-PRIME dispersion modeling results indicated that all areas with contamination levels 
exceeding 33.4 Bq/m* (20 d/m/lOO cm2) would lie within a 40 meter-radius CA boundary as 
measured from the center of the 233-S process hood. These analyses helped to reaffirm that this 
first-of-its-kind open-air demolition project should proceed as planned. 

DEMOLITION OPERATIONS 

B 

Demolition operations at the 233-S Facility began in mid-October 2003. The mobile office 
MO-317, the 233-SA Building and the single-story portions of the 2334 Building were safely 
demolished via shearing methods, packaged, and buried in the ERDF landfill. This scope was 
accomplished by late December 2003. Between the months of January 2004 and April 2004, the 
highly contaminated 233-S process hood was dismantled via block cutting and removal 
techniques, and all associated waste was packaged and either buried in the ERDF landfill or 
placed in temporary storage at Hanford’s Central Waste Complex for eventual disposal at WIPP. 
All demolition scope was accomplished without any release of contamination outside of the 
controlled area. 

The following subsections describe a number of the controls established to accomplish this work 
and the general approach employed. 

8 
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Radiological ControlslEngineering 

A variety of radiological controls were established to protect the D&D workers, and to prevent 
the spread of contamination outside of the CA (Mantooth, 2003). As noted earlier, the CA 
boundary was established at a 40-meter (131-ft) radius from the center of the 233-S process 
hood. A radiological buffer area was also established 10 meters (30.5 ft) beyond the CA 
boundary to allow for staging of supervisory personnel, waste containers, and a variety of 
support equipment. 

Fugitive dust emissions from the breaking and/or packaging of concrete rubble were controlled 
by use of water-efficient misters and foggers (i.e., M A R T P  FOG CA"ONsTM) that were 
positioned on two sides of the demolition activity to provide light and general-area misting; each 
unit delivered approximately 53 liters/min (14 gaymin). A low-flow, 9.5 liters/min (2.5 gaymin) 
misting system head was designed by cr/x and installed directly into the excavator arm, with 
nozzles positioned at the throat of the shear. The design, which localized a concentrated mist 
directly into the cutting action of the shears, proved to be extremely effective. Dust suppressants 
(e.g., Soil-Sement@ solutions) were also applied prior to shut-down periods and prior to any 
anticipated high-wind conditions. 

Engineered controls were established for capturing the potentially-contaminated water that was 
generated while coolingllubricating the circular diamond-saw blades as they dissected the highly 
contaminated process hood into large blocks. Prior to the start of shear demolition operations, 
the predetermined saw-cut pattern lines were marked on the interior wall and ceiling surfaces of 
the process hood. A network of metal gutters was then installed via powder-actuated fasteners to 
cover each of the saw cut lines on the inner wall and ceiling surfaces; the gutters were positioned 
to drain to a common manifold for water collection and disposal. To address the need to capture 
the potentially contaminated saw coolingllubrication waters on the exterior of the process hood, 
cr/x developed a uniquely designed shroud that attached directly to the saw as it cut along the 
concrete surfaces. A set of saw receiver shrouds were also created for attaching directly to the 
ends of the saw track to capture concrete slurry as the saw blade traveled beyond the comers, 
openings, or ends of the structure as it completed the saw cuts. 

Wind conditions were continually monitored via windsocks, a nearby weather station, and 
hand-held anemometers. All workers and support equipment were required to be located upwind 
of the demolition activity and at a distance sufficient to prevent inadvertent contamination should 
the wind direction change. The maximum allowable wind speed for demolition operations was 
12 miles per hour. 

Personal protective equipment (PPE) requirements for all demolition and support personnel 
within the CA included a single set of radiological PPE clothing, waterproof rain gear, and a 
Power Air Purifying Respirator (PAPR) with hood. A Hanford standard dosimeter and a lapel 
air sampling pump were also required for radiation monitoring of personnel. Contamination 
surveys and air monitoring were routinely performed via three grab-air samplers, five continuous 
air monitors, 18 fixed-plate survey stations, and CA exit surveys of personnel and equipment. 
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LESSONS LEARNED AND INNOVATIVE WORK PRACTICES 

The experience and knowledge gained from this demolition project are important to the Hanford 
Site as additional plutonium facilities are scheduled for demolition in the near future. Other sites 
throughout the DOE Complex may be faced with similar challenges. 

Since this project represented a first-of-a-kind effort for the Hanford Site, one of the most 
important aspects of the approach to demolition was the commitment to pay close attention to 
emergent issues and to take the time to analyze their impact@). Resisting the urge to push 
forward before understanding and mitigating issues was very valuable and avoided many 
potential problems. 

During all phases of this demolition project, numerous innovations, effective work practices and 
lessons learned were implemented. Accordingly, a series of “Lessons Learned and Innovative 
Practices Fact Sheets” have been developed and are provided in the appendix of this report. The 
intent of the appended material is not to capture every innovation and lesson learned, but rather 
to describe those that the project believes to be of most benefit to future DOE projects. These 
fact sheets cover a broad range of topics within eight general categories including: project 
management, organization structure and distribution of responsibility, demolition approach and 
equipment, planning and scheduling, site preparation and infrastructure, radiological controls, 
industrial safety and health, and waste handling. 

Each fact sheet in the appendix includes a “Situation” section to provide the reader with brief 
background, an ‘‘Analysis” section to summarize what did or did not work well, and a 
“Considerations for Future Projects” section that offer suggestions for future project managers 
who are faced with similar situations. If the reader is interested in obtaining additional 
information, names and phone numbers of knowledgeable 233-S Facility Demolition Project 
representatives from within Fluor Hanford and the U.S. Department of Energy are provided at 
the end of each fact sheet. 

SUMMARY AND CONCLUSIONS 

This project represented the first open-air demolition of a highly-contaminated plutonium facility 
at the Hanford Site. This project may also represent the first plutonium facility in the DOE 
complex to have been demolished without first decontaminating surfaces to near ‘‘free release” 
standards. The decision to perform or not perform extensive decontamination of wall, floor, and 
ceiling surfaces prior to demolition of radioactively contaminated facilities presents significant 
trade-offs in cost, schedule, and risk. 

The 233-S Facility has been successfully removed without significant release to the environment 
and without recordable personnel injury. The lessons learned and innovative practices that were 
experienced on this project should be of interest and benefit to future D&D projects at Hanford, 
other sites throughout the DOE complex, and the commercial sector. 
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of 6 percent. This ratio provided an adequate crust to hold the contamination and dust as long as it 
was not disturbed. Foot traffic and equipment movement would break the crust and expose the 
contamination. Because the demolition involved the use of water generating equipment during the 
demolition, it was desirable to have the ground absorb runoff rather than to collect the water. The 
thin coating of Soil-Sementm allowed the water to dissipate to the ground. 

Solutions up to 25 percent concentration (v/v) Soil-SementTM were applied to larger areas using a 
1.5-inch diameter fire hose and fire-spray nozzle. These higher concentrations were used where 
extremely high levels of contamination were present, or before high wind conditions were 
anticipated. The Soil-Sementm was mixed in a heated, 250-gallon tank for batch mixing, and 
delivered by a gasoline-driven pump. The product was applied in a layering effect to rubble piles as 
they were created. This approach was taken to ensure that the Soil-SementTM was evenly distributed 
throughout the waste and would be effective during the waste-loading process. The product was also 
applied to other areas of concern at the end of each work shift, and as needed throughout each shift. 

Analysis 

The project was unable to locate reliable estimates for the effectiveness of these fixatives. One analysis 
indicated that no more than 20 percent should be assumed for input into the atmospheric dispersion 
model. However, this was deemed to be overly conservative based on observations during use on other 
projects. Both PBSTM and Soil-Sementm met or exceeded project expectations during demolition of 
2334 when used within the constraints identified by their respective manufacturers. 

PBSm is limited to use at temperatures above 50 degrees Fahrenheit since it will not cure below that 
level. In addition, some minimal flaking was observed during demolition of certain areas. It is believed, 
however, that the flaking resulted from the failure of other surface materials to which the PBSTM was 
adhered. 

Soil-SementTM performed as specified on soilhbble piles (if left undisturbed). Moving of equipment 
personnel or other mechanical activities over the area reduced its effectiveness and required reapplication. 
During periods of cold weather (when PBSm would not cure), Soil-SementTM was used to control 
contamination spread from concrete walls of the process hood. The product performed acceptably well 
for preventing contamination release from wind or weather. 

Considerations for Future Projects 

’ PBSTM, manufactured by Bartlett Services, Inc., performed well for containing the alpha 
contamination. 

’ While it appears that PBSTM adheres well to most materials, the effectiveness on previously 
painted or poorly prepared surfaces should be evaluated. 

9 PBSTM cannot be applied when it is cold; applications should be performed during warmer 
seasons or in heated buildings. Other fixative products should be evaluated for application at 
temperatures below 50 degrees Fahrenheit. PBSm will become brittle in the cold; spraying 
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workers. While the most significant heat stress considerations were related to the work performed inside 
of the building, solar load resulted in heat stress issues to workers outside of the building. 

The project had difficulty in procuring appropriate cooling systems. To maintain radiological 
contamination control, the cooling systems could not introduce more air into the building than the HEPA- 
filtered exhaust system could remove. The supply and exhaust system had to be balanced to maintain a 
negative pressure differential from contaminated areas to non- or lesser-contaminated areas thereby 
limiting the ventilation systems that could be used. The project eventually procured another cooling 
system that helped to achieve cooler conditions. 

It is well known that water vapor impermeable, air impermeable, thermally insulating clothing, 
encapsulating suits and multiple layers of clothing severely restrict heat removal. With heat removal 
hindered by clothing, metabolic heat may produce life-threatening heat strain or stress even when ambient 
conditions are considered cool. While guidelines have been developed regarding layers of clothing, 
guidelines regarding layered clothing with an outer impermeable layer are limited. As such, the facility 
Industrial Hygienist (IH) had to develop guidelines. The guidelines discussed the appropriate methods for 
addressing heat stress issues while employees were completely dressed-out in impermeable clothing (Le., 
impermeable coat and pants). The following procedures were established for working in conditions with 
the potential for heat stress when utilizing impermeable clothing at the 2 3 3 3  Facility. 

The M shall establish worksite and work location specific Wet Bulb Globe Thermometer (WBGT) 
values. The M will establish a workhest regimen by applying the following criteria: 

Employees working in impermeable clothing will be allowed to work up to two (2) hours of 
work with one (I) hour of rest when the acclimatized, WBGT value is below 69.8'F. It should 
be noted that the one (1) hour of rest shall begin when employees have completed the "dress- 
down" process. The two-hour time period will begin after the employees have properly donned 
their PPE and are ready to enter and work in the area requiring the impermeable clothing. This 
two-hour work period may be increased if it is determined by the project El that this may be 
done safely. 
Employees working in impermeable clothing will be allowed to work up to one (1) hour of 
work with one (1) hour of rest when the acclimatized, WBGT value is above 69.8"F in the work 
area. It should be noted that the one (1) hour of rest will begin when employees have 
completed the "dressdown" process. The one-hour time period will begin after the employees 
have properly donned their personal protective equipment (PPE) and are ready to enter and 
work in the area requiring the impermeable clothing. This one hour work period may be 
increased if it is determined by the project M that this may be done safely. 

Industrial Hygiene Technicians utilized heart rate monitoring to assess sustained heart effort. The radial 
pulse was measured during a 30-second period prior to donning PPE and immediately following doffing 
PPE. Employees were instructed to measure their own pulse and relay the information to the M 
Technician. If the heart rate exceeded 110 beats per minute at the end of a work-period, the next work 
cycle was shortened by one-third or the rest period lengthened by one-third. If the heart rate still 
exceeded 110 beats per minute at the end of the next work cycle, the following work cycle was shortened 
by another one-third or the rest period lengthened by another one-third. 
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